Regulation of 3-phosphoinositide-dependent protein kinase 1 activity by homodimerization in live cells.
3-Phosphoinositide-dependent kinase 1 (PDK1) plays a central role in regulating the activity of protein kinases that are essential for signaling; however, how PDK1 itself is regulated is largely unknown. We found that homodimerization of PDK1 is a spatially and temporally regulated mechanism for controlling PDK1 activity. We used Förster resonance energy transfer monitored by fluorescence lifetime imaging microscopy to observe PDK1 homodimerization in live cells. A pleckstrin homology (PH) domain-dependent, basal dimeric association of PDK1 was increased upon cell stimulation with growth factors; this association was prevented by a phosphatidylinositol 3-kinase inhibitor and by a mutation in, or a complete deletion of, the PH domain of PDK1. The distinct spatial distribution of PDK1 homodimers relative to that of heterodimers of PDK1 and protein kinase B (PKB), and the ability of monomeric mutants of PDK1 to phosphorylate PKB, suggested that the monomer was the active conformation. Mutation of the autophosphorylation residue threonine-513 to glutamate, which was predicted to destabilize the homodimer interface, enhanced the interaction between PDK1 and PKB and the activity of PKB. Through in vitro, time-resolved fluorescence intensity and anisotropy measurements, combined with existing crystal structures and computational molecular modeling, we determined the geometrical arrangement of the PDK1 homodimer. With this approach, we calculated the size of the population of PDK1 dimers in cells. This description of a previously uncharacterized regulatory mechanism for the activation of PDK1 offers possibilities for controlling PDK1 activity therapeutically.